Staphylococcus aureus can produce at least four hemolysins, alpha, beta, gamma, and delta (4) . The most common one is the a-hemolysin which is most active on rabbit red cells and less active on sheep and human red cells (3) . Most of the strains of S. aureus, when planted on sheep blood-agar in appropriate inoculum to produce almost confluent growth after 24 hr at 37 C, will produce a slight hemolysis. Very few strains will produce nt change at all or, on the contrary, will produce clear-cut f3-hemolysis. In examing routine antibiotic sensitivity tests, it was noted that many strains of staphylococci, some strains of Escherichia coli, and some strains of Clostridiwn perfringens produce a ring of B3-hemolysis surrounding the inhibition zone produced with discs of cephalothin, penicillin G, and semisynthetic penicillins.
The purpose of this paper is to describe some factors influencing the occurrence of ,B-hemolysis surrounding the zones of inhibition produced when antibiotic discs are placed on plates inoculated with S. aureus.
MATERIALS AND METHODS
A total of 126 strains of S. aureus recently isolated from patients were tested for hemolysis production. The inhibition zones were examined after 24 hr of incubation at 37 C, and the microorganisms were removed from the plates by washing with saline (so that the hemolysis could be observed more clearly). A ring of ,B-hemolysis 1 mm in width surrounding the inhibition zone was scored 1+, a ring of 2 mm was scored 2+, and a ring of 3 mm or larger was scored 3+. Absence of 6-hemolysis was recorded as zero.
Ten strains that produced 3+ hemolysis rings on sheep blood-agar were tested for "hot-cold hemolysis"; after incubation at 37 C for 24 hr, the plates were kept overnight at 6 C. These 10 strains were also tested anaerobically in Brewer Jars at 37 C for 24 hr for the effect of antibiotic discs on hemolysis.
The effect on hemolysis of a circular area devoid of bacterial growth in the midst of a bacterial lawn was determined by shielding a portion of the agar surface from bacteria at the time of inoculation, as previously described (5 
RESULTS
Forty-seven (37%) of the 126 strains tested produced a ring of f3-hemolysis on sheep bloodagar in association with two or more antibiotics, and 79 (63%) did not produce ,B-hemolysis with any antibiotic (Table 1) .
As shown in Table 2 , the rings of,-hemolysis were observed only around the zones of inhibition produced with some antibiotics that inhibit the synthesis of cell wall mucopeptides. In a few instances, narrow rings of (-hemolysis surrounding zones of inhibition were produced with discs of nitrofurantoin, novobiocin, neomycin, and chloramphenicol, but these observations were not reproducible. Cephalothin and carbenicillin produced the highest incidence (34%) as well as the widest rings of 3-hemolysis, the majority being in the group of 3 + or more (Fig. 1) . Oxacillin also produced many /3-hemolysis rings (30%), but the majority were in the category of 2+. In only a few instances were the inhibition zones produced with penicillin G, ampicillin, and cycloserine surrounded with rings of (3-hemolysis. Vancomycin and bacitracin produced zones of inhibition in all strains tested, but none was surrounded by a ring of fl-hemolysis. No ring of f3-hemolysis was observed around the zones of inhibition produced with kanamycin (Fig. 1) or the other antibacterial agents tested.
In many instances, an increased bacterial density was noted at the edge of the zones of inhibition around discs of vancomycin, tetracycline, and neomycin, but no ring of,-hemolysis was visible around any of these zones. None of the areas free from growth produced by shielding them from inoculation showed a corresponding ring of,-hemolysis.
All strains produced a complete ,B-hemolysis throughout agar plates containing rabbit red cells; therefore, rings of 3-hemolysis around zones of inhibition were not seen. No strain produced hemolysis around antibiotic discs on agar plates with human red cells or horse red cells. In a very few instances, narrow rings of,8-hemolysis were observed on agar plates with human or horse red cells surrounding the zones of inhibition produced with cephalothin, but this observation was not reproducible. Staphylococcal hemolysis of red cells from various sources, with or without antibiotics, is summarized in Table 3 . The rings of ,3-hemolysis on plates kept at 6 C overnight did not show any change. The plates incubated anaerobically showed variable results; some rings of ,B-hemolysis were wider, most were similar, and some were narrower than those produced under aerobic conditions.
DISCUSSION
The rings of (3-hemolysis surrounding the zones of inhibition on sheep blood-agar were observed with 37% of the strains of staphylococci tested and appeared only with certain antibiotics that are mucopeptide synthesis inhibitors and not with bacitracin and vancomycin which also inhibit mucopeptide synthesis. Inhibition zones produced with other antibiotics were not surrounded with ,B-hemolysis. No by shielding an area of the plate from the inocu-blood-agar was most likely due to a-hemolysin lum. Therefore,the appearance of these rings of which is known to be very active against such 3-hemolysis was clearly not due to a critical den-cells and needs oxygen and CO2 to be produced sity of organisms near an area without bacterial (4) . Its production and activity were independent growth. of antibiotic effect, since they occurred on plates The confluent 3-hemolysis noted on 5%-rabbit without antibiotic discs. In contrast, the rings of 
